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Tumor-infiltrating lymphocytes influence colorectal cancer progression. We have recently documented that tertiary 
lymphoid tissue in the colorectal cancer microenvironment orchestrates lymphocyte infiltration and that tertiary lym- 
phoid tissue and lymphocytes cooperate in a coordinated antitumor immune response to improve patient outcome. Thus, 
tertiary lymphoid tissue represents a potential target in the design of tailored immune-based therapeutic approaches. 



The immune system plays a pivotal 
role in modulating the occurrence and 
progression of colorectal cancer (CRC). 1,2 
Various prior studies have shown an asso- 
ciation between the number of tumor- 
infiltrating lymphocytes (TILs) and 
colorectal cancer prognosis, particularly 
in early-stage tumors. 3 Surprisingly, the 
molecular architecture underlying this 
phenomenon has yet to be identified and 
further, the site at which tumor antigen 
recognition and subsequent presentation 
occurs, a process critical for the activa- 
tion of anticancer immune effectors, is 
unknown. In several pathologic contexts, 
activation and recruitment of tumor- 
specific T cells can conditionally occur 
extranodally in peripheral tissues, i.e., in 
structures defined as tertiary lymphoid 
tissue (TLT). 4 Such ectopic TLT is a his- 
tologically distinct entity thought to act 
as an efficient immune site in the recruit- 
ment 5 and activation of lymphocytes from 
the circulation (Fig. 1). This immuno- 
logic role is supported by the presence of 
lymphorganogenic chemokines (such as 
CXCL13, CCL21), which are responsible 
for lymphocyte recruitment and topo- 
logic segregation, and a high number of 
high endothelial venules (HEVs), which 
are required for the proper trafficking of 



immune mediators. The presence of TLT 
in the tumor milieu has been reported in 
several tumor types. 6 Nevertheless, the 
occurrence of TLT in the CRC microen- 
vironment, its functional ability to medi- 
ate recruitment of TILs, and its clinical 
relevance in the context of TNM staging 
have, so far, been largely disregarded. 

We therefore investigated the occur- 
rence and clinical relevance of TLT in 
human CRC and the dynamics of TLT 
and potential TIL recruitment in a pre- 
clinical model of CRC. 7 We first identi- 
fied aggregates of CD3 + lymphocytes 
at the tumor margin, a region that also 
contained clusters of CD20* B cells and 
CD2T follicular dendritic cells (FDCs) 
and showed expression of CXCL13 and 
CCL21. Interestingly, these aggregates 
contained PNAd + HEVs and Lyve-1 + 
lymphatic vessels, suggesting that TLT 
is endowed with the essential features of 
functional immune sites. Encouraged by 
these findings, we designed a novel stan- 
dardized method for quantitative analysis 
of CD3 + TLT in the tumor microenviron- 
ment in a cohort of 351 stage II and III 
CRCs and compared the extent of TLT 
with the number of interspersed CD3* 
TILs. In the overall cohort, the presence of 
TLT correlated with the density of TILs, 



suggesting that TLT might be involved 
in the recruitment of T cells to the tumor 
site. In particular, TLT and TILs had 
similar prognostic behavior and were 
both highly efficient in predicting disease 
recurrence among patients with nodal 
negative CRC. Notably, we showed that 
TLT and TIL densities were linearly cor- 
related among patients with good progno- 
sis, whereas there was no such relationship 
detected in those who experienced disease 
recurrence, suggesting that coordination 
of these immune pathways is required 
to direct antitumor immune responses. 
Additionally, in an azoxymethane/dex- 
tran sodium sulfate (AOM/DSS) murine 
model, adoptively transferred GFP* sple- 
nocytes specifically homed to TLT at 
the tumor site, providing functional evi- 
dence that TLT mediates the recruitment 
of TILs to the locally inflamed tumor 
microenvironment. Thus, in addition to 
its function as a gateway for the access of 
TILs to the tumor microenvironment, our 
prognostic data imply a substantial role for 
TLT in the generation of the local antitu- 
mor immune response. 

It is well established that solid tumors 
recruit infiltrating immune cells in their 
milieu with a wide degree of heterogene- 
ity according to the organ of origin and 
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Figure 1. Features of tertiary lymphoid tissue (TLT) at the tumor margin. Compartmentalized areas of T cells and B cells, dendritic cells, and a vascular 
network, including lymphatic vessels and high endothelial venules (HEV) are shown. The correlation between the extent of tertiary lymphoid tissue 
(TLT) and T-cell infiltration suggests that TLT represents a gateway for tumor-infiltrating T cells (TILs). 



the stage of disease, thus contributing to 
the complexity of the cancer microenvi- 
ronment. 8 The positive prognostic abil- 
ity of tumor-infiltrating immune cells in 
CRC provides a rationale for the design 
of immunotherapeutic strategies aiming 
to increase the presence of activated TILs. 
Our work adds a critical player to this 
stage by revealing, for the first time, that 
the presence of TLT favors recruitment 
and activation of immune cells in the 
CRC milieu. Importantly, we demonstrate 
that the TLT plays a vital role in mediat- 
ing the dynamics of T-cell recruitment to 
the tumor microenvironment. Defective 
tumor homing of effector T cells is a major 
obstacle to the efficacy of current immu- 
notherapeutic approaches.' In this regard, 



neogenesis of TLT in the tumor microen- 
vironment could represent a vehicle for the 
host immune system to deliver an effective 
burden of T cells to tumor areas that may 
not be otherwise accessible. 

The American Joint Committee on 
Cancer (AJCC)/Union for International 
Cancer Control (UICC) TNM classifi- 
cation is the only standardized method 
currently available for clinicians to stratify 
cancer patients according to their potential 
survival. Our analysis of the clinical rel- 
evance of TLT has revealed that, although 
possessing features of active immune sites 
and, thus may be potentially useful for 
defining tumor progression, its efficacy in 
mediating the antitumor response appears 
to be reduced in nodal positive (stage III) 



CRC. In this setting, our data implicat- 
ing TLT as a clinically relevant feature of 
the anticancer immune landscape in early- 
stage CRC argue for the integration of 
TNM classification with quantification of 
immune cells in the tumor microenviron- 
ment in a revised TNM-Immune (TNM- 
I) staging prognostic system in the clinic. 10 
In addition, although innovative therapies 
seeking to boost the host immune response 
remain highly sought after for the treat- 
ment of CRC, nodal metastasis seems to 
be a critical variable determining the anti- 
tumor efficacy of the adaptive antitumor 
response. Failure of the immune compo- 
nents to predict prognosis might result 
from the presence of an immunosuppres- 
sive microenvironment or the selection of 
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immune markers that do not reflect the 
ongoing host immune response to control 
tumor growth. In the latter scenario, the 
role of the humoral immune subset within 
the structural organization of TLT, and 
whether it could represent a prognostic and 
functionally relevant feature in the gen- 
eration of antitumor immune responses, 
remains to be determined. Further efforts 
to standardize methods for TLT detection 
in the tumor microenvironment, coupled 
with assessment of its prognostic rele- 
vance, will provide a potential screening 
platform amenable to the identification 
of subclasses of patients with active and 
functional antitumor immune response 
pathways that may presage clinically 
detectable tumor rejection. Therefore, the 
design of novel immunotherapies should 
take into account the complexity of the 
prognostic nature of the immune micro- 
environment together with clinical disease 
staging to tailor treatments for patients 
who are most likely to respond positively. 
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